In a coastal region where there are large pressures on the beach resources through recreational usage, understanding the levels and characteristics of risk to the beach user is paramount. A morphodynamic evaluation of beaches in the high-energy, macro-tidal southwest of England was made between July 2006 and February 2008. Levels of physical beach hazards presented to the beach user, both spatially and temporally, by waves, tides and surf-zone currents were assessed and calibrated against lifeguard rescue and usage data. Large seasonal variations in wave energy lead to significant annual morphodynamic transition of the popular west coast beaches from a erosive planar beach face with linear shore parallel bars in winter to a highly three dimensional accretionary system in spring/summer with pronounced low-tide bar/rip systems and enhanced midtide bar morphologies. In many locations this general transition is modified through sediment supply, geological constriction and freshwater drainage. This annual transition drives temporal variations in beach hazard through (1) the temporal variability morphology (especially rip currents, the cause of 68% of all incidents during [2005][2006][2007]; and (2) large tidal excursion during spring tide periods exposing low tide rip systems increasing the rate of change of the temporal hazard signature. Periods of high morphologically driven beach hazard coincide with seasonal peaks in beach user numbers, increasing recreational beach risk.
INTRODUCTION
Large-scale beach volume changes associated with morphodynamic variations occur on beaches along the high-energy (10% exceedence significant wave heights of 3-4 m), macro-tidal (mean spring tidal ranges of 4.2-8.6 m) west coast of Devon and Cornwall, in the southwest of England. This seasonal sediment movement can have significant safety implications in a region of outstanding natural beauty which receives 10 million visitors per year and has experienced a growing pressure of recreational and leisure activities in the beach environment. While providing pivotal support to the tourism industry in many regions, issues of risk to the beach user are increasingly important as the beach usage season now extends from the early spring to autumn. The Royal National Lifeboat Institution (RNLI), who provide lifeguarding services to 69 beaches in the region (2007) , commissioned this project realising that beach safety could be improved through developing understanding of physical beach hazards in the UK.
The Wright and Short (1984) conceptual beach classification model, based on the Australian beach environment, has been increasingly used to describe morphological transition of beach types through the use of the dimensionless fall velocity parameter (! = H b /w s T), where H b is breaker height, w s is sediment fall velocity and T is wave period). This differentiates between reflective (! < 1), intermediate (! = 1-6) and dissipative (! > 6) regimes. Masselink and Short (1993) extended this work to meso/macro-tidal environments by defining an additional dimensionless parameter, the relative tidal range (RTR = MSR/H b ), to describe the relative importance of shoaling, surf and swash zone processes across the intertidal profile.
These models apply to high energy micro-tidal and low energy meso/macrotidal environments with abundant sediment supply. Indeed, much of the present understanding of beach risk is confined to these sediment rich, medium/high energy micro-tidal environments (Short and Hogan, 1994; Short, 2001 ). Short (2006) identifies macro/mega-tidal beaches that are exposed to high ocean swell and storm seas and those with gravel and cobble sediments, and exposed intertidal geology, as environments requiring further investigation. With a significantly different sedimentary and hydrodynamic setting, UK beaches represent a new challenge in the understanding of beach morphodynamics and their association with risk to the recreational beach user.
In the present study annual and monthly beach morphology, hydrodynamic and coastal image data are used to quantify the seasonal variation in beach volume and morphology at six selected beaches that present high hazards to the recreational beach user. The implication of this transition for recreational beach risk is then assessed through the addition of detailed lifeguard incident records.
SITE SELECTION AND DATA COLLECTION

Beach type and hazards
Field sites were chosen based on the levels of hazard presented to the beach user and the levels of usage throughout the spring/summer/autumn season with the level of beach risk a function of the hazard and usage levels. The RNLI routinely records the environmental causes of every incident made at their beaches. Analysis of incident reports for all RNLI units from 2005 to 2007 indicates that 68% of all recorded incidents (individuals rescued) where due to rip currents, a similar percentage to beach rescues in Australia and the USA. Figure 1 illustrates the percentage cause of incident over the same period for the different beach types patrolled. These beach types are modified from the Masselink and Short (1993) conceptual model to better describe the beach environments in the UK. Rip currents are the largest cause of incident at all beach types that commonly support rip current systems. Incidents driven by strong and offshore winds as well as littoral currents present the greatest cause on beaches that are commonly without rip current activity.
Low tide bar/rip (LTBR) and Low tide terrace + bar/rip (LLT+BR) beaches have greater than 80% of all incidents being caused by rip currents, and with 2269 and 3253 incidents from 2005 to 2007 respectively they constitute 78.1% of all recorded incidents over that period. LTBR and LLT+BR beaches represent 46.6% of all patrolled beaches and with an average of 33.6 and 42.9 people in the sea per hour (May to October) during the 3 year period making these the most popular bathing beaches that are patrolled by the RNLI. Due to the high rip current hazard, popularity and large carrying capacity of these beaches, the dynamic intermediate LTBR and LLT+BR beaches on the high-energy west coast of Devon and Cornwall (Figure 2 ) are the focus of this study. 
ANNUAL BEACH CHANGE
Hydrodynamic climate
The wave climate of the west coast of Devon and Cornwall is both highenergy and highly seasonal. Mean significant wave heights between 2003 and 2008 at Seven Stones Light Vessel (50°6'9" N, 6°6'0" W, see figure 2) vary from 2.4m in winter to 1.2m during summer. During the high-energy winter months 10% exceedance wave heights reach 4.8m. An annual mean wave period of 8.4 s varies from 9.2 s in winter to 7.6 s in summer. Macro-tidal (>4m) and mega-tidal (>8m) mean spring tidal ranges (MSR) exist along the entire west coast of Devon and Cornwall from 4.1m at the southern tip to 9.6m in the northwest. The west coast beaches studied receive similar wave energy throughout the year. This high-energy climate drives the seasonal high volume sediment transport seen along the coast. The study period experienced two high-energy winters. Between October 2006 and April 2007 24 hour averaged off-shore wave heights were frequently between 4m and 6m and mean wave periods above 10s. Two significant storm events occurred in December 2007 and March 2008 where 24 hour averaged offshore wave heights were greater than 8m. During both observed summer periods (June to August) 24 hour averaged off-shore wave heights never exceeded 4m. Near-shore wave heights, available from January 2007, recorded mean significant wave heights of 2.3m and 1.2m for winter and summer respectively. Zero up-crossing wave periods ranged from 6.8s in winter to 5.5s in summer. The mean wave angle (bathymetrically controlled) was 280°. During the energy peak of the winter 2007/2008 storm events, in ~10m water depth, 30 minute averaged significant wave heights exceeded 7m and maximum wave heights exceeded 9m.
MORPHOLOGICAL TRANSITION
During the study period high volume sediment transport was observed as beach morphologies adjusted to the changing hydrodynamic climate. A general trend of large scale erosion of sediment from the inter-tidal zone occurred at all studied LLT+BR and LTBR beaches along the west coast of Devon and Cornwall. This took the form of beach lowering and transition from highly developed low-tide bar/rip systems and enhanced mid-tide bar systems during the lower energy swell-wave dominated summer months to increasingly shore parallel offshore bars and planar featureless mid-tidal zones during the highenergy, storm dominated winter months (Figure 4 ). 
Sediment supply, geological control and beach drainage
At many of the studied locations there are significant modifications of the general morphological transition observed. The beaches of Devon and Cornwall, and indeed the UK, are highly variable in their sediment characteristics and abundance, as well as in backshore geology. For example, Sandymouth beach, Cornwall, experienced high volume sediment transport between 06/09/06 and 01/02/07: removal of 163.6m 3 /m of sediment, from the cross-shore profile in Figure 7 , offshore of MLWS, left 35% bedrock exposure on 01/02/07 (an increase from 4% on 06/09/2006). Figure 8 illustrates the large scale beach volume changes during this period at Sandymouth beach. The photographs clearly show the mixed nature of the beach sediment with a gravel/boulder high water beach and sandy inter-tidal/low water zone (D 50 =0.36mm). Bedrock exposure of approximately 100m in the cross shore between MHWN and MLWN in the 23/01/07 survey restricted the ability of the beach to respond to the prevailing hydrodynamic conditions, constraining sediment transport pathways, reducing depths to bedrock and hence altering drainage properties and sediment mobility, and driving bedrock controlled surf-zone currents (rip currents) during the mid and high tide.
Many beaches within the study region also accommodate small steams from local catchments which, during periods of heavy rainfall, cause the beaches to be completely saturated throughout tidal cycle affecting the mobility of the beach sand. This case study highlights the importance of the role of intertidal geology and beach drainage in the modifying the capacity of a beach to respond to the prevailing hydrodynamic conditions within this study area.
BEACH SAFETY IMPLICATIONS Overview
Of key importance to beach safety managers is the understanding of the implications these changes in beach morphology, generalised in the beach type, have on temporal hazard signatures presenting the recreational beach user at any given time. Once an understanding of the potential hazards is gained, temporal and spatial modification of these hazards through morphological, wave, tidal and weather variations, on the scales of minutes to seasons, need to be assessed in order to safely manage beach users in these highly dynamic beach environments.
To investigate this RNLI lifeguard rescue and beach usage records, logged between 01/05/07 and 01/10/07, for all the LLT+BR and LTBR beaches studied ( Figure 2) were analysed in combination with beach elevation and hydrodynamic records (near-shore wave buoy at Perranporth, and predicted tidal elevations). Illustrated in Figure 9 are the rescue totals (total and rip-related) for each week normalised by the average number of people in the sea per hour at a location during that week, and the corresponding wave (6 hour average) and tidal record. Weekly averaging of in the sea user numbers reduces bias occurring due to high weekend counts. The right panel qualitatively illustrates the morphological change seen along the coast at every spring tide during the season through a photographic series from Chapelporth beach. The results highlighted some key environmental factors controlling rescue numbers. While lifeguard records indicate the number of rescues, many assumption s have to be made to utilize the data. A range of factors can affect rescues that occur on any given day including the number and experience of lifeguards on the beach per beach user, the nature of the beach user, the size of the bathing zone and local complexities in morphologies that generate hazards to the beach user. By analysing the data from a large number of locations within weekly temporal bins, the ability to assess broad trends in the data is improved. Finally, in normalising the rescues against people in the sea per hour, risk is assumed to be independent of the number of people in the sea.
Temporal variability of rip currents
Normalised rescue values show a general upward trend in rip rescues throughout the 2007 lifeguard season until the end of August when a sharp reduction in rip rescues occurred (Figure 9 ). The vast majority of rip incidents on the LTT+BR and LTBR beaches occur over the low tide rip systems, and the photo series of Chapelporth illustrates the presence and development of these systems until the end of August when the onset of small, short period wind waves that dominate until mid September lead to inter-tidal accretion and the infilling of the constraining rip channels (images 7 and 8 in Figure 9 ). This infilling of rip channels, seen in survey data at the majority of studied sites, can be associated with the reduction in rip rescues throughout late August and September.
Tidal effects
Macro-tidal and mega-tidal ranges within the region lead to large variations in the temporal hazard signature throughout the semi-diurnal cycle. Significantly, during spring tide periods, low tide bar/rip systems are exposed leading to intensification of rip current circulations. During neap tide periods, low tide bar/rip systems often remain submerged and inactive. This effect is demonstrated in the data shown in Figure 9 where peaks in the normalised rip rescue panel, highlighted in grey are all associated with weeks experiencing spring tides. The two largest peaks in normalised rip rescues during the beginning and end of August were also associated with the largest rate of change of tidal elevation from neap to spring tides (equinox tides), leading to rapid daily variation in beach exposure and horizontal translation rates.
The importance of the rate of change of the temporal hazard signature is exemplified by Figure 10 that shows 15 min shoreline contours at Croyde Bay, Devon, during a spring tide in 18/06/07 and 14/09/07. Locations of potential rip current hazards are highlighted. The rate of tidal translation reaches up to 7 m.min -1 within the mid-tide region in both surveys. This causes dramatic alongshore translation of rip hazards throughout the tidal cycle. Understanding these hazard variations is crucial in safely managing recreational beach users. 
CONCLUSIONS
An assessment of the seasonal variation in beach volume and morphology at locations along the high-energy (10% exceedence significant wave heights of 3-4m), macro/mega-tidal (4.1-6.9m) west coast of Devon and Cornwall, southwest England were made between summer 2006 and winter 2008. Significant morphological change was observed. Low-energy summer morphologies with low tide bar/rip systems and three dimensional mid tide bars were modified through high volume offshore sediment transport during winter causing intertidal beach lowering of ~0.5m-1m along all studied beaches. Planar inter-tidal beach morphologies with quasi-linear, shore-parallel, sub-tidal bars occurred during winter. Sediment supply, geological exposure and drainage characteristics modified and restricted the envelope of potential morphological transition at some locations.
Implications of temporal morphological transition for beach safety were assessed. Rip current hazards were shown to increase as low-tide bar/rip systems developed throughout the winter/summer transition. Variability in exposure of inter-tidal geology in sediment poor environments controlled levels of constrained rip current hazard. Tidal elevation played a significant role in controlling the temporal hazard signature. Spring tides increased exposure of low-tide bar/rip morphologies increasing rip hazards during the lower tides. With wide inter-tidal zones and large mean spring tidal ranges, the rate of crossshore translation of the surf-zone during spring tides increases the rate of change of the spatio-temporal hazard characteristics, having significant implications for lifeguard beach safety management. Periods of high morphologically driven beach hazard coincide with seasonal peaks in beach user numbers, increasing recreational beach risk. 
